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ABSTRACT 
A Lake Erie Walleye Spawning Stream Rehabilitation Plan was initiated by the New 
York State Department of Environmental Conservation to stabilize and enhance walleye 
recruitment in Lake Erie. One component of the plan includes stream habitat assessment to 
detennine candidate streams for rehabilitation efforts. Information from research literature 
has been compiled to develop a Habitat Suitability Index (HSI) model and identify optimum 
habitat requirements for walleye. The model hypothesizes species-habitat relationships 
which can vary by geographical area. The objectives of my thesis project were to: (1) 
detennine habitat conditions in a local stream where walleye spawn (control site); (2) 
compare these data with the HSI; and (3) use the data to evaluate four tributaries as 
candidates for walleye rehabilitation efforts. Spawning walleye were observed in the control 
stream on four days over the two-year period of study. Velocity, depth, and water 
temperature conditions where walleyes spawned were at the lower end of or below the 
optimum ranges specified in the HSI. However, optimum HSI conditions for velocity, depth, 
and water temperature generally do not exist in the control stream. Substrate, dissolved 
oxygen, and pH variables were optimum when compared to the HSI. Cluster analysis was 
used to group streams a"ccording to their similarities in velocity, depth, water temperature, 
and substrate. Significant differences (p_:::0.05) in these parameters occurred among all 
grouped streams. No candidate stream evaluated in this study fully met the conditions found 
in the control stream. The candidate stream most similar to the control stream was 
Eighteenmile Creek. The candidate stream most similar to the national HSI model was 
Ellicott Creek. 
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INTRODUCTION 
Walleye (Stizostedion vitreum vitreum) are native to the northeastern United States, 
including New York State waters. They are members of the perch family (Percidae) which 
also includes the yellow perch and many darter species. Walleye are distinguished from 
other percids by their large, canine teeth, a black blotch at the posterior end of the spiny 
dorsal fin (also present in yellow perch), and yellow coloration with white on the lower tip of 
the caudal fin (Smith 1985). Throughout their wide geographic distribution, and 
limnologically diverse range, walleye are one of the most highly respected and intensively 
managed game species. They are commonly found in warm- to cool-water environments 
including small , shallow lakes and reservoirs(.:: 100 acres) such as Chatauqua Lake, NY; 
large, deep lakes such as the Great Lakes; and large rivers such as the Oswego and St. 
Lawrence Rivers, NY (Werner 1980). Walleye are tolerant of a wide range of environmental 
conditions, but seem to prefer large, shallow, turbid lakes (Scott and Crossman 1973). 
Walleye are predatory and occupy an ecological niche near the top of their food web. 
Fry feed on planktonic crustaceans, then switch to insects. By three inches in length ~ 1 
year old), they feed primarily on fish (Scott and Crossman 1973). Yellow perch are common 
prey of young walleye due to their temporal availability and appropriate size (Scott and 
Crossman 1973). Cannibalism is also very common when preferred prey are unavailable 
(Scott and Crossman 1973). As adults , important food sources include yellow perch, 
freshwater drum, smelt, and alewife (Scott and Crossman 1973). When these species are 
not available walleye are opportunistic feeders, consuming prey as available (Werner 1980; 
Scott and Crossman 1973). 
Suitable habitat conditions, particularly during spawning and early life stages, are 
necessary for any species to produce the next generation. The literature describes suitable 
habitat conditions for walleye over large geographical areas such as in New York (Smith 
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1985), Canada (Scott and Crossman 1973), Ohio (Trautman 1981), and throughout the 
United States (McMahon eta/. 1984). Within each area, walleye spawning has been 
documented in lakes, large rivers , and small streams. In Wisconsin, walleye spawn in these 
habitats as well as marshes (Becker 1983; Priegel 1970). 
Jennings eta/. (1996) studied spawning habitat preferences among two walleye 
populations in an Iowa river and reservoir system. Results indicated mature offspring from 
lake-spawning and river-spawning populations chose their habitat for reproduction based on 
inherited preferences. Lake fish chose open water shoals and river fish chose riverine sites. 
Research on other species (salmonids and centrarchids) also has shown separate 
populations have adapted to specifically defined habitat requirements different from other 
populations of the same species (Blair eta/. 1993; Burger eta/. 1995; Philipp and Claussen 
1995). For game species, these observations warrant the study of specific habitat 
conditions across populations to effectively protect, maintain. or enhance the resource. 
The document, titled: Habitat Suitability Information: Walleye (HSI), prepared by 
McMahon eta/. (1984), is a management tool used to identify important habitat variables, 
primarily for the purpose of impact assessments. It is a synthesis of information obtained 
from research literature and expert reviews. Suitability Index (SI) curves were developed by 
the authors to establish· optimum values for habitat requirements. Habitat models can be 
based on these Sl graphs; the graphs as well as the models are designed as a first step in 
developing research hypotheses (Terrell eta/. 1982). A habitat rating is developed, based 
on Sl curves and site visits, that characterize the habitat with a single number (Terrell eta/. 
1982). The resulting models are hypotheses of species-habitat relationships, which can 
vary according to geographical area. For example, Sl curves may need modification from 
one geographical area to another to reflect local habitat preferences. In summary, the 
approach established in HSis is broadly applicable across North America, but it does not 
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necessarily present optimum values for all populations or waters in which reproduction takes 
place. Habitat preferences of regional or local populations need confirmation before the 
model can be applied effectively to determine whether or not a habitat of interest is suitable 
or which bodies of water in a region are likely to be most suitable for a species of interest. 
Walleye reproduction occurs in the spring, immediately following ice-out, over gravel 
bars in streams or shoals in lakes. In New York State, heavier spawning activity occurs after 
dark when walleyes move into shallow streams or littoral shoals (Smith 1985). Habitat 
parameters of particular concern for stream spawning walleye populations include velocity, 
depth, water temperature, substrate, dissolved oxygen (DO), and pH. According to 
McMahon eta/. (1984), optimum habitat requirements for these parameters in streams 
include: 
• 0.6- 0.9 meters per second (m/s) water velocity 
• 0.6 - 1.8 meters (m) depth 
• 6 - 11 o C water temperature (8° C preferred) 
• gravel - rubble substrate (2.5- 5.0 em particles) 
• > 5.0 mg/L dissolved oxygen (DO) 
• 6.0 - 9.0 pH. 
Local data, specific to New York State, indicate optimum water temperatures and depths of 
1.7-6.7 °C and 0.6 - 1.2 m, respectively, with considerable water movement over rocks, 
gravel, or even sand (Smith 1985). 
In New York waters of Lake Erie, stream spawning occurred historically in only a few 
tributaries. For unknown reasons, recent walleye spawning has been reduced to open-lake 
shoals (Einhouse 1994). Pollution, siltation, and physical removal of habitat likely 
contributed to tributary alteration and the loss of tributary spawning populations. 
Since the 1960s, walleye recruitment in eastern Lake Erie has been highly variable 
(Einhouse 1994). Recruitment variability in Lake Erie is typical among walleye populations 
because egg and fry survival is highly dependent on environmental conditions. For 
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example, walleye year class strength in Lake Erie has been positively correlated with fast-
warming water during egg incubation {Wolfert 1981; Einhouse 1994; Busch eta/. 1975). 
The causal factor for this relationship is hypothesized to be a shorter incubation period, 
which in tum reduces exposure to sources of mortality such as storms, predators, and 
siltation (Einhouse 1994). More recent assessments in Lake Erie by the New York State 
Department of Environmental Conservation (NYSDEC) show that catch-per-unit-effort 
(CPUE) of age 1+ walleyes fluctuates widely, and this is reflected in highly variable 
abundance of year classes within the adult population (Culligan eta/. 1995, 1996). Findings 
have shown that walleye year class strength in Lake Erie is established at a very early life 
history stage and that strong year classes have occurred after rapidly warming lake 
temperatures throughout the incubation period (Einhouse 1994). These fast-warming, 
spring temperatures follow long winters with extended ice cover (Einhouse 1994). 
In an effort to stabilize walleye recruitment in eas.tern Lake Erie, and enhance the 
overall population, NYSDEC, in cooperation with the United States Fish and Wildlife Service 
(USFWS) has initiated a Lake Erie Walleye Spawning Stream Rehabilitation Plan (Plan) 
(Einhouse 1994). The conceptual basis for the Plan is that stream spawning walleye stocks 
may play a critical role in reducing the variability in spawning success and recruitment of 
Lake Erie walleye by utifrzing alternative habitats protected from one or more of the mortality 
elements identified above (e.g. , storms and turbulence). It is anticipated that an increased 
number of wild walleye spawning stocks, using a broader array of potential habitats, may 
dampen recruitment fluctuations (Einhouse 1994). One component of the Plan, which is the 
principal focus of my thesis project, includes habitat assessment to determine candidate 
streams for walleye rehabilitation efforts. 
Habitat characteristics for my study were evaluated based on optimum requirements 
established by McMahon eta/. (1984). In 1993 and 1994, habitat inventories were 
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conducted by the USFWS on six streams to determine which had the best potential for 
walleye recruitment (Keppner 1993; Lowie 1994). In 1995, two Chatauqua Lake tributaries 
in western New York, which support existing spring walleye spawning migrations, also were 
surveyed for habitat characteristics (Lowie 1995). After preliminary analysis of this survey 
data, it was determined the sampling did not encompass the walleye spawning period, 
sampling was insufficient to draw valid conclusions about walleye spawning and habitats, 
and more thorough sampling (my thesis study) was warranted. 
The objectives of my thesis project were to: (1) determine habitat conditions in a 
local stream where walleye spawn (control site), (2) compare this data with the national HSI, 
and (3) use the data to evaluate four tributaries as candidates for walleye rehabilitation 
efforts. The null hypotheses were: (1) western New York walleye populations exhibit the 
same environmental requirements and spawning habitat preferences as those described in 
the national HSI model (i.e., temperature, velocity, depth, etc.), and (2) stream habitat 
parameters in candidate tributaries in New York do not differ from the control stream or each 
other. 
STUDY AREA 
The study area lies in Erie and Chatauqua Counties, located in the northwestern 
portion of New York State (Figure 1). In addition to farming, the local economy is supported 
by two nearby cities, Buffalo, NY and Jamestown, NY, and several smaller cities and towns. 
Lake Erie and Chatauqua Lake provide substantial fishing opportunities that seasonally 
supplement the local economy. 
Dewittville Creek is the tributary of Chatauqua Lake that was selected as the control 
site due to large walleye migrations each spring (Figure 1). Habitat data collected from 
Dewittville Creek was utilized to determine local habitat conditions of stream spawning 
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walleye and for comparison with candidate streams. Watershed characteristics are 
summarized in Table 1. The lower 75% of land in the basin is used for agriculture (crops 
and dairy). The remaining headwater areas are forested with hydraulic movements modified 
by beaver activity. All sampling in Dewittville Creek was below a man-made, impassable 
barrier to walleye, located 1. 75 km (1.1 mi) upstream from the mouth. 
Candidate streams were selected based on anecdotal reports of historic spawning 
runs and current habitat conditions. Eighteenmile, Big Sister, Cayuga, and Ellicott Creeks 
were surveyed as candidate streams (Table 1; Figure 1). Eighteenmile Creek enters Lake 
Erie at Highland-on-the-Lake, NY. Land uses within the basin are primarily agricultural, with 
a few towns and villages. Sampling occurred in the lower 2.0 km (1.25 mi). Big Sister 
Creek enters Lake Erie just southwest of Eighteenmile Creek at Angola, NY. Land uses 
within the basin are similar to Eighteenmile Creek. Sampling occurred in the lower 2.7 
kilometers (1.65 mi). Cayuga Creek flows into the Buffalo River at river kilometer 13.5 (river 
mile 8.4). The Buffalo River flows into Lake Erie, at Buffalo, NY, near the head of the 
Niagara River. Unlike the previously described watersheds, Cayuga Creek originates in 
rural areas, but then flows through several Buffalo suburbs. This lower reach is 
industrialized with residential housing throughout. Sampling occurred in the lower 3.6 km 
(2.25 mi). Ellicott Creek· enters Tonawanda Creek at river kilometer 0.50 (river mile 0.30), 
which enters the Niagara River at Tonawanda, NY. The Ellicott Creek Watershed also 
originates in rural areas and flows through Buffalo suburbs. Sampling occurred between 
river kilometers 13.5 and 16.6 (river miles 8.4-10.3). 
MATERIALS AND METHODS 
Habitat Conditions at Spawning Locations 
In 1996 and 1997, spawning walleye in Dewittville Creek were viewed almost daily 
during the spawning/migration season to determine local habitat conditions and to compare 
those conditions with the HSI. Walleye were observed day and night. The beginning of the 
migration period was determined by the first appearance of walleye in Dewittville Creek, 
which occurred at night. The end of the migration period was determined when few or no 
walleye remained in the creek. Spawning episodes were documented when two or more 
walleye briefly laid on their sides and agitated their tails under water, or more commonly, 
were observed breaking the surface. After ~everal episodes, habitat measurements were 
collected at locations exactly where the fish exhibited spawning behavior. Data collected 
included velocity, depth, water temperature, and substrate. Dissolved oxygen and pH also 
were recorded in 1997. Date and time at each sampling station was noted. 
General Habitat Conditions in Streams 
An objective of my study was to compare general habitat conditions between the 
control stream and the candidate streams. Baseline data for these comparisons were 
initially collected in 1994 and 1995 (Lowie 1994, 1995) when sampling occurred every 1/8 
mile, starting at the mouth of each stream (except Ellicott Creek) and continuing upstream 
as far as could be accomplished in one day. In 1995, Dewittville Creek was sampled 
approximately every 1/16 mile to provide more detailed information on the control stream 
where walleye do spawn. In 1994 and 1995, streams were visited once per week for three 
weeks. Both quantitative, point measurements as well as qualitative, transect 
measurements were made at each site. Point measurements were taken in the center of 
three equi-distant sections totaling the stream width. Habitat parameters collected within 
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each section included width, depth, water temperature, dissolved oxygen (DO), 
transparency, and velocity. Transect dimensions were the wet width of the stream by two 
meters (one meter upstream and downstream of the transect line). Habitat type, cover, 
primary and secondary substrate types, embeddedness, and any notable features that may 
have influenced the amount of available habitat, such as islands, were recorded for the 
station as a whole. 
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For this project in 1996 and 1997, all five streams (one control, four candidates) were 
scheduled to be surveyed daily, at random sites, throughout the spawning/migration period 
to characterize the stream as a whole and determine habitat differences among streams. 
Due to time constraints associated with daily sampling at all five streams only 40% of the 
original sites in 1994 and 1995 were chosen, at random, for habitat sampling. As a result, 
Dewittville Creek had three sites, Eighteen mile Creek had six, Big Sister had four, and 
Cayuga and Ellicott Creeks had five sites for study in this project. The sites for this study 
consisted of one section (wet width) instead of three sections as in the previous work. 
Parameters surveyed included velocity, depth, and water temperature. Dissolved 
oxygen and pH were also measured in 1997. Qualitative measurements showed substrate 
composition had not changed since the 1994 and 1995 surveys; therefore, substrate data 
from 1994 and 1995 was used for both years throughout the analysis. Date and time at 
each sampling station was noted. 
Habitat Measurements 
Velocity measurements were collected using a General Oceanic (GO) flow meter 
attached to a yardstick at approximately mid-stream and mid-water depth. Revolutions per 
second were calculated and converted to velocity (m/sec) using the regression line provided 
by the GO meter. Depth was determined using a yardstick at approximately mid-stream. 
Data were recorded in inches and converted to metric units. 
During spawning activity, water temperature was determined using a VWR mercury 
thermometer. Water temperature data used for stream comparisons was collected via 
Stowaway and HOBO continuous temperature monitors manufactured by Onset Computer 
Corporation. Two monitors were deployed in Dewittville Creek while one monitor was 
placed in each candidate stream. Readings were recorded in degrees Celsius, once every 
ten minutes, and a daily average was calculated. 
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Dissolved Oxygen was measured at mid-stream and mid-water depth using a Yellow 
Springs Instrument (YSI) Model 55 DO and temperature meter. Readings were recorded in 
milligrams per liter. The DO meter was calibrated by percent saturation each time it was 
turned on. Measurements of pH were collected using a VWR pH meter at the surface in 
mid-stream. The pH meter was calibrated once prior to sampling and again after repair work 
had been completed. 
Primary (most abundant) and secondary (next most abundant) substrate types and 
percent of each within the entire site (transect) were recorded qualitatively. In the event the 
stream could not be crossed, data·was collected from near shore. Substrate classes were 
identified as: sand/silt (<2 mm), gravel/rubble (2-150 mm}, cobble (151-256 mm), boulder 
(>256 mm), bedrock, detritus, and muck (Meador eta/. 1993; D. Davies, Ohio Division of 
Wildlife, pers. comm. 1994; Simonson eta/. 1994; Bain eta/. 1985). Shale was noted as 
grave!, cobble, or boulder. Substrate type was converted to a scale by multiplying the 
percent observed by: zero for muck; one for sand/silt; two for gravel; three for cobble; four 
for boulder; or five for bedrock. The products for each substrate type were then added to 
obtain one number, indicating the average size of substrate at the site (Wentworth 1922). 
Sites were visited on three dates in 1994 and 1995 (as previously described}, and an 
average was calculated. (e.g., Day 1: 25% sand, 75% gravel; .25*1=.25, .75*2=1 .5, 
sum=1.75. Day 2: 25% sand, 75% gravel; .25*1=.25, .75*2=1.5, sum=1.75. Day 3: 40% 
sand, 60% gravel; .40*1=.40, .60*2=1 .2, sum=1.6. Average substrate size for the site is 
(1.75+1.75+1.6) / 3 = 1.70). 
Egg and Fry Collections 
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In 1996, fry sampling was attempted on an exploratory basis at the mouth of 
Dewittville Creek to determine the success of walleye reproduction and the suitability of 
nursery habitat conditions within the system. Fry sampling was conducted before and after 
the predicted peak hatch occurred. Predicting the peak hatch period was determined from 
the peak spawning period and the daily average water temperature thereafter to estimate 
egg development (Wolfert 1981). A 0.5-m diameter ichthyoplankton net with 560 .um mesh 
was towed behind a small boat for 8-10 minutes to collect fry. Three tows were made at two 
sites each day. To supplement this data, in 1997 a 0.5-m diameter, stationary drift net with 
560 )All mesh was placed daily in Dewittville Creek to collect eggs. This information also 
was used to better estimate the peak spawning period that year. In both years, the volume 
of water filtered (m3) was calculated by multiplying water velocity (m/sec) by duration in the 
water (sec) by area of the net opening in water (m2) . The CPUE was calculated as the 
number of eggs or fry collected per cubic meter (m3) . 
Statistics 
Spawning Habitat Conditions versus HSI 
Due to the limited data at spawning locations, traditional statistical tests, such as T-
test or Analysis of Variance (ANOVA), could not be used to compare local, spawning habitat 
characteristics to the HSI. Therefore, to make this comparison I used modified box-and-
whisker plots according to Moore and McCabe (1993). Modified box-and-whisker plots, 
rather than standard box-and whisker plots, are used to present outliers in the data when 
only a moderate number of observations are available (Moore and McCabe 1993). I used 
measures of central tendency and the range of data collected and the ranges identified in 
the HSI document (McMahon eta/. 1984) using the univariate procedure in SAS® 6.11 
(Anonymous 1991). 
Habitat conditions at spawning locations were compared to general stream habitat 
conditions on that date, as well as to the conditions throughout the entire 
spawning/migration period, to determine whether habitat selection by spawning walleye 
differed from general habitats in the stream. General stream habitat conditions were 
determined via the random sites sampled (see above). 
Stream Comparisons 
11 
Cluster analysis was performed on the habitat data collected to determine similarity 
among streams. Although this type of exploratory analysis is often subjective, it reduces the 
complex, multivariate data from field studies to a manageable level (McKenna 1993). 
Although cluster analysis has typically been applied to species abundance matrices (Cairns 
and Kaesler 1971 ; Crossman eta/. 197 4; Kathman eta/. 1983; Surd and Brinkhurst 1987), a 
modified bootstrap cluster analysis, as performed by Nemec and Brinkhurst (1988), was 
performed on the habitat variables. This method assessed statistical significance (p~ 0.05) 
among streams for each year. This analysis is an agglomerative, hierarchical clustering 
method (Boesch 1977), which utilizes the Bray-Curtis similarity coefficient (Bray and Curtis 
1957) and the unweighted pair-group method using arithmetic averages (UPGMA) to cluster 
related groups (Sneath and Sokal1973; Pielou 1969, 1984; Clifford and Stephenson 1975). 
A similarity coefficient, or index, is a single number which indicates the amount of sameness 
or difference between communities (McKenna and Sail a 1991). Modification of the variables 
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was necessary because the protocol assumes all measurements are recorded in the same 
units. Therefore, a standard score (Z-score) was calculated for each parameter (Zar 1996). 
Ten was added to the Z-score because negative numbers could not be used in the analysis 
program. 
Bootstrapping of replicate samples allows the similarity coefficient from each cluster, 
or linkage, to be reviewed individually for significance (Nemec and Brinkhurst 1988; 
McKenna 1991 ). Bootstrapping randomly chooses values variables from each cluster of 
values to determine their significance. In this analysis, 100 bootstrap simulations, with 
replacement of data, were used. Replacement of data indicates the same value can be 
chosen more than once (J. McKenna. USGS-BRD, Cortland, NY, pers. comm., 1997). 
Due to the unequal number of sites in each stream and unequal sampling days, 
general linear model (GLM) procedures were used to perform Analysis of Variance 
(ANOVA) tests on the data (Anonymous 1991). Tukey's r:nultiple comparison tests were 
then used to identify specific habitat parameters that contributed to the significant 
differences (p~ 0.05) among clusters. Habitat parameters analyzed included velocity, depth, 
water temperature, and substrate. This was performed using SAS® 6.11 (Anonymous 
1991). 
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RESULTS and DISCUSSION 
In 1996, walleye were first seen in Dewittville Creek (control) on 3 April. Sampling 
commenced in all five streams on 5 April and continued until 22 April. Four days of 
measurements (12-14 and 21 April) were omitted from all stream data sets due to heavy rain 
and high water causing unsafe sampling conditions, resulting in 14 days of data used for 
further analysis. Also, given the physical time and distance constraints, some streams or 
sites were not sampled daily. When a stream or site was not surveyed on a given day, 
velocity and depth measurements were interpolated from the previous and following days' 
data. If data from the previous or following day was not collected, these data points were 
interpolated from the average measurement either prior to or following the rain event on 12-
14 April. That event resulted in overall deeper depths and faster velocity than before the 
event occurred. Therefore, missing velocity and depth data before and after the rain event 
were filled with the average of these measurements from before and after, respectively. 
Also in 1996, the temperature monitor in Ellicott Creek malfunctioned after two days. 
Therefore, 1996 daily average water temperature for this creek was predicted from 1996 
daily average air temperature at the Buffalo International Airport using the regression 
equation, y = 0.2549x- 2.6225 (R2 = 0.69). This regression was determined using 1997 
daily average air temperature at the Buffalo International Airport (x) and 1997 daily average 
water temperature in Ellicott Creek (y) (Appendix A) . 
In 1997, walleye also were first seen in Dewittville Creek on 3 April. Sampling 
commenced in all streams on this date and continued until19 April. April 4 was not 
surveyed, but sampling was conducted early on the morning of 5 April, totaling 16 days of 
data collection. As in 1996, when a stream or site was not surveyed on a given day, velocity 
and depth measurements were interpolated from the previous and following days' data. 
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Spawning Habitat Conditions and HSI Comparisons 
Spawning habitat conditions for walleye in Dewittville Creek were assessed; 
however, over the two-year period, spawning walleye were observed on only four days 
(Table 2). In both years, nighttime viewing did not produce observations of spawning 
walleyes. In 1996, spawning was observed on 16 April from 8:00a.m. to 12:30 p.m. Due to 
the large number of spawning episodes observed, during these daylight conditions, it is 
suspected this was the peak of the spawning period. On this date, walleye were observed 
spawning at six locations throughout the 1. 75 km of stream available to them (Appendix 8-
Table 8-1, Site Nos. 1 - 6). 
In 1997, spawning was observed on three days; 5, 6, and 16 April (Appendix 8-
Table 8-2, Site Nos. 9- 12). On 5 April, from 4:30 to 6:45a.m., two spawning episodes 
were documented under the Springbrook Road bridge crossing (Appendix 8- Table 8-2, 
Site No. 9), while 11 episodes in 11 minutes were documented 20 m downstream of the 
Springbrook Road bridge (Appendix 8- Table 8-2, Site No. 10). Site No. 10 was the same 
spawning location as Site No.3 in 1996 (Appendix 8 --Table 8-1 ). On 6 April1997, two 
spawning episodes occurred 20 m downstream of the Springbrook Road bridge 
(approximately at the same site as the previous day) at about 7:00a.m. (Appendix 8- Table 
8-2, Site No. 11 ). On 16 April 1997, several episodes occurred approximately 50 m 
downstream of the Springbrook Road bridge at 10:20 a.m. (Appendix 8 --Table 8-2, Site 
No. 12). 
Velocity 
On 16 April1996, average velocity at spawning sites was 0.54 m/s compared to 
0.59 m/s at random sites in Dewittville Creek (Table 2). Average velocity at spawning sites 
on 5, 6, and 16 April1997 was 0.43, 0.27, and 0.39 m/s, respectively, while daily average 
velocity at random sites in the stream was 0.47, 0.42, and 0.44 m/s, respectively (Table 2). 
Only on 6 April 1997 did spawning walleye appear to be selecting a different velocity 
(slower) than what was generally available in the stream. 
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Immediately adjacent to one spawning location on 16 April1996 (Site No. 1), many 
walleye were present on both sides of the spawners. No spawning activity occurred in these 
adjacent areas (Appendix 8 - Table 8-1, Site Nos. 7 & 8). Average velocity at Site No. 7 
and Site No.8 was 0.21 m/s and 1.05 m/s, respectively. Due to the differences in velocity 
between the spawning and non-spawning habitat conditions, this observation also suggests 
spawning walleye selected microhabitats in relation to stream velocity. 
Comparing the range of velocities selected by spawning walleye during each year to 
the range of velocities available to them during the entire spawning/migration periods (5-22 
April1996 and 3-19 April1997), walleye spawning generally occurred within a similar range 
and average, as the stream provided over the entire periods (Figure 2). This suggests no 
preference for velocity during spawning versus the entire sampling period in either year. 
Depth 
Average depth from the six spawning locations on 16 April 1996 was 0.52 m 
compared to 0.68 mat random sites on this day (Table 2). On 5, 6, and 16 Apri11997, 
average depth was 0.45, 0.44, and 0.61 m, respectively, while average depth on these 
dates at random sites was 0.49, 0.56, and 0.54 m, respectively (Table 2). On 16 April, 1996 
(0.52 vs. 0.68 m) and 6 April 1997 (0.44 vs. 0.56 m) walleye appeared to be selecting 
spawning depths somewhat different than depths in the stream as a whole. Comparing 
depth values on all spawning days during each year to the range of conditions available to 
walleye during the entire spawning/migration period for that year revealed no apparent 
selection for spawning depths. There was a similar range and average depth among the 
walleye spawning sites and the random sites throughout the migration periods (Figure 3). 
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Water Temperature 
Average water temperature at spawning locations and random sites on 16 April1996 
was 3.9 °C and 4.0 °C, respectively (Table 2). On 5, 6, and 16 April1997, average water 
temperature at spawning locations was 6.6, 8.4, and 5.2 °C, respectively, while water 
temperature on these dates at random sites 6.8, 8.3, and 5.7 °C, respectively (Table 2). 
Due to variable water temperatures when walleye spawning was observed (Figure 
4}, diurnal variability in water temperature, and differences in methodology (e.g., daily 
average vs. point measurements for collecting temperature data), water temperature was 
not a suitable parameter for determining habitat selection by spawning walleye. However, 
during my study, water temperature appeared to be responsible for ending the 
spawning/migration period. For example, in both years as water temperatures approached 
9.0 °C, the migration came to an end. Because the spawning/migration periods in 1996 and 
1997 occurred on approximately the same dates, 3-22 April and 3-19 April , respectively, it is 
highly likely that photoperiod (length of day) also plays a critical role in gonad development 
and the spawning/migration period (Beamish 1990). Ciereszko eta/. (1997) found that 
photoperiod (and water temperature) modify the onset of spawning in yellow perch (Perea 
flavescens) . 
Substrate 
Spawning walleye in Dewittville Creek were always over gravel substrate. Although 
no spawning occurred at random sites, primary substrate at these locations was also gravel. 
Adjacent to one spawning location in 1996 (Appendix B --Table B-1, Site No. 4), many non-
spawning walleye were present. Spawning was occurring over the gravel substrate and not 
over the available cobble along the other bank. This observation suggests that spawning 
walleye may have selected microhabitats based on a preferred substrate. 
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Dissolved Oxygen and pH 
In 1997, DO concentrations on the three spawning dates were 10.4, 10.2, and 11.7 
mg/L, respectively, while at random sites DO was 10.3, 9.9, 11.5 mg/L on the three dates, 
respectively (Table 2). The pH meter was inoperable on all spawning dates except 16 April 
1997 when a measurement of 8.2 was recorded (Table 2). Average pH at random sites on 
this date was 8.1 (Table 2). 
Summary of Spawning Habitat Conditions 
In general, the range of habitat characteristics among walleye spawning locations 
were near the lower end of or below the ranges specified in the HSI (McMahon eta/. 1984) 
(Figures 2-4). Specifically, velocity was within the lower end ofthe range on 16 April1996 
and below the range on all dates in 1997 (Figure 2). Depth was within the lower end of the 
HSI range on 16 April1996 and 16 April1997 and below the range on 5 April1997 (except 
one data outlier) and 6 Apri11997 (Figure 3). Water temperature was within the lower end of 
the range on 5 and 6 April 1997 and below the HSI range on 16 April 1996 and 16 April 
1997 (Figure 4). Substrate and pH were within the HSI range and DO concentrations were 
well above the minimum requirement (Table 2) (Appendix C). 
General spawning habitat requirements , although less specific than those observed 
at spawning sites, can be inferred from the data collected daily at random sites during the 
peak spawning period in 1997 (11-14 April, Table 3) (Also see Egg and Fry Collections 
below). Average velocity , depth, water temperature, and DO at random sites on 11 and 12 
April 1997 were 0.31 m/s, 0.35 m, 4.6 °C, and 12.5 mg/L and 0.33 m/s, 0.47 m, 4.7 °C, and 
10.5 mg/L, respectively (Table 3). Due to a rain event on 12 April 1997, velocity and depth 
conditions increased to 0.69 m/s and 0.70 m respectively on 13 April and 0.62 m/s and 0.60 
m on 14 April, respectively (Table 3). Average water temperature and DO on these latter 
dates were 4.4 °C and 11.3 mg/L, respectively, and 5.0 oc and 10.7 mg/L, respectively 
(Table 3). Substrate was 100% gravel at the random sites (Table 3). 
The four-day average velocity, depth, and water temperature had similar values as 
those shown on individual spawning dates (Tables 2 & 3). Velocity and depth data during 
the peak was primarily in the lower end of the HSI range and water temperatures were 
below the range specified in the HSI (Figures 2-4). 
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Data from random sites during the entire spawning/migration period can be used to 
infer the least specific spawning habitat requirements utilized by walleye. This includes 14 
days in 1996 and 16 days in 1997 (Table 4). Habitat characteristics, except DO and pH, 
throughout the spawning/migration period in Dewittville Creek were primarily at the lower 
end of the HSI ranges (Figures 2-4). Furthermore, 35% or fewer of the total days sampled 
at random sites in Dewittville Creek fell in the HSI ranges (Table 8). In 1997, DO levels in 
Dewittville Creek were well above the 5.0 mg/L requirement and pH was within the range on 
all sampling days (Appendix C). 
Egg and Frv Collections 
In 1996, ichthyoplankton were collected at the mouth of Dewittville Creek on 5 May 
(n=1), 9 May (n=4), and 12 May (n=6), 19-26 days after the peak walleye spawn on 16 April. 
No walleye were present in the collections. According to the regression formula found in 
Wolfert (1981), 100% walleye egg development (peak hatch) should have occurred by 
approximately 14 May. Sampling on 15 and 20 May caught no ichthyoplankton, so sampling 
ended. This portion of the study was conducted on an exploratory basis. Walleye fry may 
not have been collected due to (1) low abundance of walleye fry, (2) inappropriate time or 
place of sampling, or (3) walleye fry are not being produced in Dewittville Creek. 
In 1997, daily egg collections in Dewittville Creek showed the highest egg drift 
between 11 April (6.25/m3) and 14 April (4.29/m3) (Appendix D), suggesting a peak 
spawning period. As expected fry were not collected in 1997 due to sampling only during 
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the spawning/migration period. Collecting fry with this method was not an objective, nor was 
identifying successful fry production in Dewittville Creek an original objective of this 
research. It was assumed the continuous utilization of Dewittville Creek by spawning 
walleye was sufficient evidence to indicate successful reproduction, but it appears now that 
this assumption should be tested in the future. 
Habitat Comparisons Among Streams 
The spawning walleye population in Dewittville Creek is likely a locally adapted 
population that has evolved to survive under those conditions. Therefore, a candidate 
rehabilitation stream likely will not provide the same conditions or possibility of success. 
However, the study streams most like the control stream can be identified from this study. 
Dissolved oxygen concentration in the five streams was well above the 5.0 mg/L 
minimum requirement stated in the HSI (Appendix C; Figure C-1 ). pH levels were not well 
represented due to equipment failure ; however, the limited data collected indicates pH is 
also in the range stated in the HSI (Appendix C; Figure C-2). These factors were not 
included in the cluster analysis due to their inability to limit habitat suitability in any stream. 
Velocity, depth, water temperature, and substrate were the variables used in stream 
comparisons. Table 5 shows the average measurements for each stream/year combination. 
Initially, the cluster analysis was applied to ten groups (five streams each with two 
years of data) to determine if within-stream differences occurred between years (Figure 5). 
Dewittville, Cayuga, and Ellicott Creeks grouped closest to themselves over the two years. 
The bootstrap revealed these streams were not significantly different (p~0.05) between 
years and further analysis (A NOVA) verified no parameter was significant (p~0. 05) within 
each stream over the two years (Table 5). Therefore, the two years for each stream were 
combined into one stream sample (Nemec and Brinkhurst 1988). Big Sister Creek also 
grouped closest to itself over the two years (Figure 5). In this stream, average depth was 
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significantly shallower (p=0.0001) in 1996 than in 1997 (Table 5). In 1996 and 1997, 
Eighteenmile Creek grouped closest to Dewittville Creek and was significantly different from 
itself (p~0.05) between years (Figure 5). Eighteenmile Creek had significantly faster velocity 
(p=0.0001) and shallower depth (p=0.0001) in 1996 than in 1997 (Table 5). The differences 
in velocity and depth between years was likely due to seiche currents from Lake Erie 
producing zero velocity measurements and backing up stream flow at the downstream sites 
surveyed in 1997. Due to significantly different observations between years in Big Sister 
and Eighteenmile Creeks, these stream-years were kept as separate groups. Analysis then 
proceeded with a total of seven distinct stream-year groups (Figure 6). 
The cluster analysis of the seven different stream-year groups (Figure 6) showed 
Eighteenmile Creek was most similar to the control stream, Dewittville Creek, but the two 
streams were still significantly different at p~0.05. Eighteenmile Creek in 1996 was more 
similar to Dewittville Creek than in 1997 (Figure 6). Big Sister Creek, also significantly 
different, was the next most similar stream to Dewittville Creek, followed by Cayuga Creek 
then Ellicott Creek (Figure 6). 
All four candidate streams were significantly different (p~0.05) from each other and 
Dewittville Creek (Figure 6) in at least one parameter (Table 6). Of most interest are the 
differences in parameters between the control stream, Dewittville Creek, and the candidate 
streams (Table 7). Presented in order of similarity to Dewittville Creek (Figure 6), 
Eighteenmile Creek had significantly larger substrate (p=0.0001 ) as well as significantly 
deeper depths (p=0.0001) in 1997 (Table 7). Big Sister Creek differed from Dewittville 
Creek only by having significantly larger substrate (p=0.0001) (Table 7). Cayuga Creek had 
significantly deeper (p=0.0001) and warmer (p=0.0001) water and larger substrate 
(p=0.0001) in relation to Dewittville Creek, and Ellicott Creek also had deeper (p=0.0001) 
and warmer water (p=0.0001) than Dewittville Creek (Table 7). 
Eighteenmile Creek clustered most similarly with Dewittville Creek, but they were 
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significantly different. In addition, all other candidate streams were found to be significantly 
different from Dewittville Creek. Habitat conditions in Dewittville Creek also do not coincide 
well with the optimum habitat conditions specified in the HSI (Figures 2-4). These results 
warranted an analysis to determine which candidate streams most closely fit the conditions 
stated in the HSI document. 
Some measures of dispersion and central tendency among the velocity, depth, water 
temperature, and substrate data for each stream/year group are shown in Figures 7-10, 
respectively. The range of velocity in all streams overlapped the HSI range with no one 
stream appearing to have more suitable velocity conditions than another (Figure 7). 
However, over the two-year period of study, Ellicott Creek (followed by Cayuga Creek) had 
the most days of average velocity within the optimum velocity range specified in the HSI 
(Table 8). Similarly, depth conditions in all streams were alike; much shallower than the HSI 
suggests as optimum conditions (Figure 8). Cayuga and Ellicott Creeks best match the HSI 
depth conditions; all sampling days had an average depth within the HSI optimum range 
(Table 8). Ellicott Creek (again followed by Cayuga Creek) is most similar to the HSI with 
regard to water temperatures; however, all streams had mostly cooler conditions compared 
to the optimum HSI values (Figure 9; Table 8). Substrate conditions revealed distinct 
differences between streams, with Ellicott Creek most closely resembling the optimum HSI 
conditions, followed by Cayuga Creek and the rest of the candidate streams that generally 
had larger than optimum substrate particle sizes compared to the HSI (Figure 10). 
CONCLUSIONS 
Walleye spawning in Dewittville Creek occurred over a wide range of velocities 
(0.13 - 0. 77 m/s), averaging 0.41 m/s, versus 0.50 m/s in the creek at random sites. Depths 
at spawning locations ranged from 0.29 m to 0.83 m, averaging 0.51 m, versus an average 
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of 0.52 m in the creek at random sites. Walleye spawned in water temperatures as low as 
3.8 oc and as high as 8.4 °C, averaging 6.0 °C. As water temperatures approached 9.0 °C, 
the migration period came to an end. Spawning walleye were always observed over gravel 
substrate, which was the primary substrate type in Dewittville Creek. 
One null hypothesis of my study was "western New York walleye populations exhibit 
the same spawning habitat preferences as those described in the national HSI model". My 
study indicates velocity, depth, and water temperature conditions at walleye spawning sites 
do not exhibit the same preferences and are sub-optimum when compared to the HSI. 
However, optimum HSI conditions for velocity , depth and water temperature generally do 
not exist in Dewittville Creek. The extensive gravel substrate in Dewittville Creek is 
optimum, according to the HSI, and is likely an important variable contributing to walleye 
utilization of this stream for spawning. Dissolved oxygen in Dewittville Creek was optimum, 
with concentrations always greater than 10.0 mg/L. In addition, pH was optimum within the 
range specified in the HSI (6-9). 
According to the national HSI, Dewittville Creek provides marginal, or sub-optimum, 
conditions for walleye spawning, even though a large number of walleye spawn in the creek 
each year. The habitat suitability index model for walleye is a hypothesis of these species-
habitat relationships, which can vary according to geographical area. My results support the 
need to identify local habitat conditions for the species rather than relying on the optimum 
conditions stated in the national HSI. 
All candidate streams were significantly different from the control stream, Dewittville 
Creek, for one or more variables. Eighteen mile Creek was most similar to the control 
stream in both years with substrate in 1996 and substrate and depth in 1997 as the only 
significantly different parameters. Ellicott Creek was most similar to the national HSI 
because it had the most days with average velocity, depth, and water temperature within the 
optimum ranges specified in the national HSI. In addition to differences between candidate 
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streams, the control stream, and the national HSI, all candidate streams were significantly 
different from each other. These conclusions reject the second null hypothesis, stating 
"stream habitat parameters in candidate tributaries in New York do not differ from the control 
stream or each other". 
Recommendations 
Research 
This study established the physical conditions in Dewittville Creek and for Lake Erie 
tributaries during the walleye spawning period. A future study should fully address fry 
production and survival in Dewittville Creek. Only in this way will it be possible to determine 
whether Lake Erie tributaries most similar to Dewittville Creek provide the conditions needed 
for successful reproduction. With this information we could better decide whether to choose 
a candidate stream based on the habitat conditions in Dewittville Creek (i.e. Eighteenmile 
Creek is closest) or rely on the conditions stated in the HSI and choose Ellicott Creek. 
Management 
The NYSDEC is currently implementing a Lake Erie Walleye Spawning Stream 
Rehabilitation Plan via young-of-the-year (YOY) walleye stocking as well as adult and YOY 
assessments in Cattaraugus and Big Sister Creeks (Lake Erie). The stocking program will 
be evaluated after 1998. If limited success has been achieved in Big Sister Creek, my study 
suggests that rehabilitation efforts be attempted in Eighteenmile or Ellicott Creeks, which 
most resemble Dewittville Creek and the national HSI model, respectively. However, I 
suggest that rehabilitation efforts focus on Eighteenmile Creek (most like Dewittville Creek) 
and on Cayuga Creek (not Ellicott Creek). Cayuga Creek may be more successful in 
achieving the goals of the Lake Erie Walleye Spawning Stream Rehabilitation Plan because 
it is a Lake Erie tributary, whereas Ellicott Creek is a Niagara River tributary. Also, Cayuga 
and Ellicott Creeks were very similar in my analysis, suggesting similar potential for 
successful walleye rehabilitation. 
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To identify the best candidate stream will require long term stocking of young-of-the-
year (YOY) walleye to determine whether or not they can survive and return to reproduce. I 
also recommend supplementing the YOY stocking with an adult transfer program. Olson et 
a/. (1978) state that walleye homing to spawning areas can be an adult learned behavior, 
likely associated with physical features of the environment and enforced by repeated 
migrations. Combining these strategies, in a suitable habitat, likely will result in a successful 
rehabilitation effort. 
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Table 1. Watershed characteristics of study streams (USGS topographic maps). 
Area Mainstem Length Origin Elev. Mouth Elev. 
(km2) (river km) (m above MSL) (m above MSL) 
Dewittville 39 10.6 463 399 
(control) 
Eighteenmile 400 60 503 168 
Big Sister 133 24 244 177 
Cayuga 290 49 415 181 
Ellicott 290 57 372 174 
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Table 2. Habitat Suitability Index (HSI) measurements (McMahon eta/. 1984) and daily 
average measurements (range) at observed spawning locations (Spawning) and 
random sites (General) in Dewittville (D'Ville) Creek in 1996 and 1997. 
Parameter HSI Conditions D'Ville Creek D'Ville Creek D'Ville Creek D'Ville Creek 
16 Aeril1996 5 April1997 6 Aeril1997 16 Aenl1997 
Velocity (m/sec) 0.6-0.9 Spawning 0.54 0.43 0.27 0.39 
(0.22-0.77) (0.31-0.55) (0. 13-0.41 ) 
General 0.59 0.47 0.42 0.44 
{0.49-0. 76} (0.07-1.03} {0.05-0.97) {0.07-1.04} 
Depth 0.6-1 .8 Spawning 0.52 0.45 0.44 0.61 
(m) (0.43-0.83) (0.29-0.74) (0.36-0.53) 
General 0.68 0.49 0.56 0.54 
{0.58-0.78} {0.38-0.72} {0.34-0.91} {0.37-0.77} 
Water Temperature 6.0- 11 .0 Spawning 3.9 6.6 8.4 5.2 
(OC) (3.8-4.0) (6.6-6.6) (8.3-8.4) 
General 4 .0 6.8 8.3 5.7 
{4.0-4.0} {8.2-8.3} {5.3-6.0} 
Substrate (em) 2.5-15.0 Spawning Gravel Gravel Gravel Gravel 
(0.2-15.0) (0.2-15.0) (0.2-15.0) (0.2-15.0) 
General Gravel Gravel Gravel Gravel 
DO > 5.0 Spawning * 10.4 10.2 11.7 
(mg/L) (10.4-10.5) (1 0.02-1 0.3) 
General 10.3 9.9 11 .5 
{1 0.0-10. 7} {9.5-10.3) {11.1-11.8} 
pH 6.0 - 9.0 Spawning * ** ** 8.2 
General * ** •• 
* Not collected 
•• pH meter was malfunctioning. 
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Table 3. Habitat Suitability Index (HSI) measurements (McMahon eta/. 1984) and average 
measurements (range) at random sites in Dewittville Creek during the suggested 
peak spawning period, 11-14 April 1997. 
Parameter HSI 11 April 12 April 13 April 14 April 4-Day Avg. 
Velocity (m/sec) 0.6- 0.9 0.31 0.33 0.69 0.62 0.49 
(0.26-0.40) (0.02-0.82) (0. 32-1.33) (0.22-1 .27) (0.02-1 .33) 
Depth 0.6- 1.8 0.35 0.47 0.70 0.60 0.53 
(m) (0.28-0.44) (0.32-0.72) (0.57-0.95) (0.48-0.83) (0.28-0.95) 
Water 6 .0-11.0 4.6 4.7 4.4 5.0 4.7 
Temperature (0 C) (3.0-6.3) (4.4-5.2) (2.9-5.2) (1.7-9.5) (1.7-9.5) 
Substrate (em) 2.5- 15.0 Gravel Gravel Gravel Gravel Gravel 
(0.2-15.0) (0.2-15.0) (0.2-15.0) (0.2-15.0) (0.2-15.0) 
DO (mg/L) > 5.0 12.5 10.5 11.3 10.7 11 .2 
(12.0-13.0) (10.1-11 .0) ( 11 .1-11. 5) (10.5-10.9) (10.1-13.0) 
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Table 4. Habitat Suitability Index (HSI) measurements (McMahon et at. 1984) and average 
measurements (range) at random sites in Dewittville Creek during the entire 
spawning period, 5-22 April, 1996 and 3-19 April, 1997. 
Parameter HSI 1996 1997 
Velocity (m/sec) 0.6-0.9 0.54 0.45 
(0.07-1 .11} (0.02-1 .33) 
Depth 0.6- 1.8 0.51 0.53 
(m} (0.29-0.84) (0.28-0.97) 
Water Temperature 6.0-11.0 5.8 5.9 
(OC) (4.2-9.7) (4.4-10.5) 
Substrate (em) 2.5-15.0 Gravel Gravel 
(0.2-15.0) (0.2-15.0) 
DO (mg/L) > 5.0 • 10.8 
(9.0-15.0) 
• Not Collected 
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Table 5. Average velocity, depth, water temperature, and substrate conditions for the five 
study streams in 1996 and 1997. Asterisks indicate significantly different parameters 
between years at p~0.05. 
Velocity Depth Temperature Substrate 
1996 1997 1996 1997 1996 1997 
Dewittville 0.54 0.45 0.51 0.53 5.76 5.89 1.90 
Eighteenmile 0.63* 0.35* 0.44* 0.63* 5.81 6.66 2.77 
Big Sister 0.50 0.38 0.43* 0.62* 6.44 6.89 3.73 
Cayuga 0.55 0.48 0.82 0.82 6.79 6.96 2.37 
Ellicott 0.60 0.52 0.65 0.69 8.00 7.07 1.72 
Table 6. Significantly different parameters (p_s0.05) for all stream/year comparisons. 
'V' represents velocity, '0' represents depth, 'T' is water temperature, and 'S' 
corresponds to substrate. 
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Dewittville Cayuga Ellicott Eighteenmile Eighteenmile Big Sister 
'96 '97 '96 
Cayuga 0 , T, S 
Ellicott 0 , T O, S 
Eighteenmile '96 s 0 , T, S 0 , T, S 
Eighteenmile '97 O, S V, 0 , T, S V, T, S V, O 
Big Sister '96 s O, S 0 , T, S s O, T, S 
Big Sister '97 s 0, T, S V, T, S V, O, S s 0 
Table 7. Average velocity, depth, water temperature, and substrate conditions for the five 
study streams, with years combined according to the bootstrap cluster analysis. 
Asterisks indicate significantly different from Dewittville Creek (control) at p_:::0.05. 
35 
Velocity Depth Temp. Substrate 
Dewittville 0.50 0.52 5.83 1.90 
Cayuga 0.52 0.82* 6.88* 2.37* 
Ellicott 0.56 0.67* 7.54* 1.72 
1996 1997 1996 1997 1996 1997 
Eighteenmile 0.63 0.35 0.44 0.63* 5.81 6.66 2.77* 
Big Sister 0.50 0.38 0.43 0.62 6.44 6.89 3.73* 
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Table 8. Number of days, at random sites in the five streams, within the ranges specified in 
the HSI (McMahon eta/. 1984). In 1996, 14 total days were sampled; in 1997, 16 
total days were sampled. 
Veloc ity Depth Water Temperature 
1996 1997 1996 1997 1996 1997 
Dewittville Days in HSI 5 3 4 4 1 2 
Eighteenmile Days in HSI 7 1 2 14 1 1 
Big Sister Days in HSI 5 2 2 15 1 1 
Cayuga Days in HSI 6 4 14 16 1 3 
Ellicott Days in HSI 9 5 14 16 3 4 
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Figure 2. Distribution of 1996 and 1997 velocity data from Dewittville Creek at observed 
walleye spawning locations (single dates), at random sites during the 1997 
suggested peak spawning period (11-14 April1997), and at random sites during the 
entire spawning/migration period (5-22 April1996 and 3-19 April1997). Also shown 
is the range of velocity reported from the HSI. For the stream data, the horizontal, 
dashed lines on the box plot correspond to the 25th (lower bound), 50th, and 75th 
(upper bound) percentiles. The plus sign represents· the mean. The whiskers 
represent 1.5 interquartile ranges of the distribution. A zero corresponds to values 
1.5-3.0 interquartile ranges (minor outliers). The interquartile range is the difference 
between the 75th and 25th percentiles (Anonymous 1991; Moore and McCabe 
1993). For the HSI, the horizontal, dashed lines represent the 0, 501h, and 1001h 
percentiles. 
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Figure 3. Distribution of 1996 and 1997 depth data from Dewittville Creek at observed 
walleye spawning locations (single dates), at random sites during the 1997 
suggested peak spawning period (11-14 April 1997), and at random sites during the 
entire spawning/migration period (5-22 April 1996 and 3-19 April1997). Also shown 
is the range of depth reported from the HSI. For the stream data, the horizontal, 
dashed lines on the box plot correspond to the 25th (lower bound), 50th, and 75th 
(upper bound) percentiles. The plus sign represents the mean. The whiskers 
represent 1.5 interquartile ranges of the distribution. A zero corresponds to values 
1.5-3.0 interquartile ranges (minor outliers) and an asterisk outside the whiskers 
corresponds to values greater than 3.0 interquartile ranges (extreme outliers). The 
interquartile range is the difference between the 75th and 25th percentiles 
(Anonymous 1991 ; Moore and McCabe 1993). For the HSI, the horizontal, dashed 
lines represent the 0, 501h, and 1001h percentiles. 
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Figure 4. Distribution of 1996 and 1997 water temperature data from Dewittville Creek at 
observed walleye spawning locations (single dates), at random sites during the 1997 
suggested peak spawning period (11-14 April1997), and at random sites during the 
entire spawning/migration period (5-22 April 1996 and 3-19 April1997). Also shown 
is the range of water temperature reported from the HSI. For the stream data, the 
horizontal, dashed lines on the box plot correspond to the 25th (lower bound), 50th, 
and 75th (upper bound) percentiles. The plus sign represents the mean. The 
whiskers represent 1.5 interquartile ranges of the distribution. A zero corresponds to 
values 1.5-3.0 interquartile ranges (minor outliers) and an asterisk outside the 
whiskers corresponds to values greater than 3.0 interquartile ranges (extreme 
outliers). The interquartile range is the difference between the 75th and 25th 
percentiles (Anonymous 1991; Moore and McCabe 1993). For the HSI, the 
horizontal, dashed lines represent the 0, 501h, and 1001h percentiles. 
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significantly different linkages (p_:::O.OS). 
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Figure 6. Dendrogram of seven stream/year groups based on velocity, depth, water 
temperature, and substrate measurements at random sites. Asterisks indicate 
significantly different linkages (p_:::O.OS). 
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Figure 7. Distribution of 1996 and 1997 velocity data from the five streams at random sites 
during the entire spawning/migration period (5-22 April 1996 and 3-19 April 1997). 
Also shown is the range of velocity reported from the HSI. For the stream data, the 
horizontal, dashed lines on the box plot correspond to the 25th (lower bound), 50th, 
and 75th (upper bound) percentiles. The plus sign represents the mean. The 
whiskers represent 1.5 interquartile ranges of the distribution. A zero corresponds to 
values 1.5-3.0 interquartile ranges (minor outliers). The interquartile range is the 
difference between the 75th and 25th percentiles (Anonymous 1991 ; Moore and 
McCabe 1993). For the HSI, the horizontal, dashed lines represent the 0, 501h, and 
1 oath percentiles. 
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Figure 8. Distribution of 1996 and 1997 depth data from the five streams at random sites 
during the entire spawning/migration period (5-22 April 1996 and 3-19 April 1997). 
Also shown is the range of depth reported from the HSI. For the stream data, the 
horizontal, dashed lines on the box plot correspond to the 25th (lower bound), 50th, 
and 75th (upper bound) percentiles. The plus sign represents the mean. The 
whiskers represent 1.5 interquartlle ranges of the distribution. The interquartile 
range is the difference between the 75th and 25th percentiles (Anonymous 1991; 
Moore and McCabe 1993). For the HSI, the horizontal, dashed lines represent the 0, 
501h I and 1 ooth percentiles • 
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Figure 9. Distribution of 1996 and 1997 water temperature data from the five streams 
during the entire spawning/migration period (5-22 April1996 and 3-19 April1997). 
Also shown is the range of water temperature reported from the HSI. For the stream 
data, the horizontal, dashed lines on the box plot correspond to the 25th (lower 
bound), 50th, and 75th (upper bound) percentiles. The plus sign represents the 
mean. The whiskers represent 1.5 interquartile ranges of the distribution. A zero 
corresponds to values 1.5-3.0 interquartile ranges (minor outliers) and an asterisk 
outside the whiskers corresponds to values greater than 3.0 interquartile ranges 
(extreme outliers). The interquartile range is the difference between the 75th and 
25th percentiles (Anonymous 1991 ; Moore and McCabe 1993). For the HSI, the 
horizontal, dashed lines represent the 0, 501h, and 1001h percentiles. 
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Figure 1 0. Distribution of substrate data from the five streams at random sites. Also shown 
is the range of preferred substrate reported from the HSI. For the stream data, the 
horizontal, dashed lines on the box plot correspond to the 25th (lower bound}, 50th, 
and 75th (upper bound) percentiles. The plus sign represents the mean. The 
whiskers represent 1.5 interquartile ranges of the distribution. A zero corresponds to 
values 1.5-3.0 interquartile ranges (minor outliers). The interquartile range is the 
difference between the 75th and 25th percentiles (Anonymous 1991; Moore and 
McCabe 1993). For the HSI, the horizontal, dashed lines represent the 0, 501h, and 
1 oath percentiles. 
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APPENDIX A 
ELLICOTT CREEK W ATER TEMPERATURE 
10 
y = 0.2549x- 2.6225 
R2 = 0.6872 
20 30 
• 
40 50 60 70 
Figure A~ 1. Daily average water temperature in Ellicott Creek versus daily average air 
temperature at the Buffalo International Airport, April 1997. This relationship was 
used to interpolate water temperature in 1996 when the temperature monitor 
malfunctioned. A log transformation (r=0.72) and curvilinear (r=0.71) regression 
made little difference in the strength of the relationship. 
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APPENDIX B 
RAW DATA FROM SPAWNING LOCATIONS 
Table 8 -1. Velocity, water temperature, depth, and substrate data at all walleye spawning 
locations in Dewittville Creek on 16 April1996. 
Site No. Velocity Water Depth Substrate Site Description 
(m/s) Temperature (m) 
oc 
SPAWNING FISH 
1 0.42 3.8 0.48 Gravel Barrier at Perry's farm; upstream, west 
side of gravel bar; narrow trough; west 
side 
1 0.52 3.8 0.67 Gravel Center 
1 0.46 3.8 0.56 Gravel East side 
2 0.44 4.0 0.43 Gravel Actual Site 2; east side diagonal 
upstream to west bank 
2 0.70 3.9 0.47 Gravel Center 
2 0.59 3.9 0.49 Gravel West side 
3 0.57 4.0 0.53 Gravel Downstream of Springbrook Rd. gravel 
bar 
3 0.64 4.0 0.83 Gravel 30 m downstream from previous 
4 0.30 3.9 0.44 Gravel Power lines downstream from barrier; 
right side as facing downstream 
4 0.64 3.9 0.50 Gravel Center; 75% gravel with walleye 
spawning; 
25% cobble -no walleye 
4 0.57 4.0 0.48 Gravel Left side as facing downstream 
5 0.62 4.0 0.44 Gravel 75 m downstream from barrier; 50 ft. 
downstream from stream access point; 
middle-area 
5 0.77 4.0 0.44 Gravel Downstream area 
5 0.59 4.0 0.47 Gravel Upstream area 
6 0.22 3.9 0.56 Gravel Hole at stream access spot; E bank; 
eggs broadcast 
NON-SPAWNING FISH 
7 0.35 3.7 0.57 Gravel Barrier at Perry's farm; upstream, east 
side of gravel bar 
7 0.22 3.7 0.50 Gravel Irregular current 
7 0.06 3.7 0.72 Gravel 
8 1.07 3.8 0.48 Gravel Downstream 15 ft. from barrier; 
downstream, west side of gravel bar 
8 1.02 3.8 0.37 Gravel No walleye at all 
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APPENDIX B (Cont.) 
RAW DATA FROM SPAWNING LOCATIONS 
Table B-2. Velocity, water temperature, depth, and substrate data at all walleye 
spawning locations in Dewittville Creek, April 1997. 
Site No. Date Velocity Water Depth DO Substrate Site Description 
(m/s) Temperature (m) (mg/L) 
(oC 
9 5-Apr 0.41 6.6 0.41 10.42 Gravel Downstream of Springbrook 
Rd.; center stream 
9 5-Apr 0.34 6.6 0.29 10.4 Gravel Under Springbrook Rd. ; center 
and east ·side 
10 5-Apr 0.52 6.6 0.37 10.51 Gravel Downstream of Springbrook 
Rd.; upstream measurement 
10 5-Apr 0.55 6.6 0.44 10.38 Gravel Same vicinity as last year; 
center measurement 
10 5-Apr 0.31 6.6 0.74 10.35 Gravel Downstream measurement 
11 6-Apr 0.41 8.4 0.36 10.28 Gravel Same site as previous 
11 6-Apr 0.13 8.3 0.53 10.02 Gravel 7 m downstream 
12 16-Apr 0.39 5.2 0.69 11 .65 Gravel Upstream of Site 3 and 
downstream of egg net 
APPENDIX C 
DISSOLVED OXYGEN AND pH MEASUREMENTS 
FROM RANDOM SITES THROUGHOUT THE PERIOD OF STUDY 
- O'Ville -+-Ellicott 
-+-Big Sister ....o-18 Mile 
-x-Cayuga 
20.00 -r-----------__:===================;-1 
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Figure C-1. Daily· average dissolved oxygen concentrat ion (mg/L) from random sites in 
the f ive study streams , 1997. 
~-D'Ville -+-Ellicott 
._._ Big Sister ~ 18 Mile 
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7.50 
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April, 1997 
Figure C-2. Daily average pH f rom random sites in the five study streams, 1997 . 
(Note: pH tester inoperable from 5-14 April. ) 
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APPENDIX D 
RAW DATA FROM DRIFT NET COLLECTIONS 
Table D-1. Number of eggs collected per cubic meter at river kilometer 0.6 (river mile 
0.4) during the walleye spawning/migration period in Dewittville Creek, April 
1997. Note: A 0.5 m, stationary, icthyoplankton net was placed in the thalweg. 
Date Time In Time Out Time Fished Average Volume #eggs #1m3 
Velocity Filtered 
(sec) (3 Sites) m3 (1000L) 
8-Apr 845 936 3060 Frozen 254 #DIV/0! 
9-Apr 1201 1320 4740 0.34 317.52 450 1.42 
10-Apr 934 1032 3480 0.34 230.71 291 1.26 
12-Apr 547 714 5220 0.33 341.48 2133 6.25 
13-Apr 619 710 3060 0.69 414.76 2429 5.86 
14-Apr 2205 2307 3720 0.62 450.36 1930 4.29 
15-Apr 2040 2210 5400 0.47 495.02 323 0.65 
16-Apr 1004 1130 5160 0.44 445.12 416 0.93 
17-Apr 2100 2138 2280 0.58 260.97 1010 3.87 
19-Apr 1831 1928 3420 0.43 286.07 447 1.56 
20-Apr 741 854 4380 0.36 311 .36 360 1.16 
7.00 
6.00 
..,E 5.00 
-en 4.00 01 
01 3.00 Q) 
0 2.00 z 
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Figure D-1. Number of eggs collected per cubic meter during the walleye 
spawning/migration period in Dewittville Creek, April 1997. 
